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BACKGROUND OF THE INVENTION 

The American population is aging. The fastest: 
growing segment of the population is persons over 85 years of 
age, who are expected to number over 30 million by the year 

10 2040. This demographic surge is creating significant needs 
for drugs for the treatment of age-related diseases and has 
led to increased interest in the aging process and diseases 
associated with it, including cancer. 

Organisms age, in part, because their cells have a 

15 finite capacity to continue dividing. As they reach that 
limit, cells become senescent. Cell senescence has been 
traced to the ends of a cell's chromosomes, the telomeres. 
With each cell division, the telomeres lose some DNA and 
become shorter. At some point this shortening becomes 

2 0 critical. Cells sense this and arrest chromosome replication 

to avoid further loss. Hence, the cell is no longer able to 
divide. 

Not all cells become senescent. Single-cell 
organisms and certain mammalian cells have no fixed cell 
25 division limit. Investigators, have discovered that many of 
these cells contain a ribonucleoprotein enzyme called 
telomerase. Telomerase replaces the DNA that is usually lost 
from the telomeres during cell division. (E.H. Blackburn, 
Annu* Rev. Biochem. 1992 61:113-29.) Consequently, the 

3 0 telomeres never shorten past the critical length and the cells 

never reach senescence. 

Particularly interesting, investigators have found 
that the cells of many human cancers have telomerase. (C.B. 
Harley, Mutation Research 1991 256:271-282.) This helps 
3 5 explain why cancer cells continue dividing without becoming 
senescent „ It also suggests a potent weapon in the battle 
against cancer: If telomerase activity in cancer cells can be 
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inhibited, the cancer cells are expected to reach senescence 
and cease dividing. 

Developing methods to regulate telomerase activity 
requires sources of purified telomerase and, in particular, 
5 purified human telomerase. Purified telomerase would be 
useful in developing and testing assays for measuring 
telomerase activity, for example, to evaluate the assay and 
for use as a standard in the assay. Assays for telomerase are 
useful in characterizing cancer cells or pre-cancer cells, 

10 because most cancer cells express telomerase. Purified 
telomerase would be more useful than crude telomerase 
preparations to identify and test regulators, inhibitors or 
activators of telomerase activity in in vitro assays. 
Moreover, purified telomerase would facilitate a thorough 

15 biochemical analysis of the enzyme's mechanism, which may 

provide insight for development of mechanism-based regulators. 
Purified telomerase also would be useful in the preparation of 
antibodies against telomerase. Such antibodies would in turn 
be especially useful as reagents to purify human telomerase 

2 0 and may be useful in cancer diagnosis or prognosis. Purified 

telomerase also will help provide amino acid sequence 
information useful in cloning the various components of the 
r ibonucleoprotein . 

While there is a need for purified telomerase, the 
25 purification of the human enzyme has posed technical 

challenges. Telomerase is a rare ribonucleoprotein expressed 
in human cells only in very low abundance. It has been 
estimated that human cells known to express the highest levels 
of telomerase activity may have only about one hundred 

3 0 molecules of the enzyme per cell. The fact that telomerase is 

a complex, mult i -component structure further impedes its 
purification. Human cells also possess comparatively very 
high levels of non-telomerase ribonucleoproteins. These other 
ribonucleoproteins might have chromatographic purification 
35 properties similar to the telomerase ribonucleoprotein, which 
makes purification of telomerase from human cells difficult. 
Thus, there is a need for purified telomerase and purified 
human telomerase, in particular. 
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Figo 3 depicts a six-step protocol for purifying 
telomeraseo 

35 Fig. 4 shows the results of a primer elongation 

assay from a CHAPS S-100 extract of 293 cells (lanes 1-5) and 
from the POROS® 50 HQ anion exchange chromatography active 
pool (lanes 6-10) in the four-step purification procedure . 
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Fig, 5 shows the results of a primer elongation 
assay from a telomerase preparation from the POROS® 50 HQ 
anion exchange chromatography active pool (lanes 1-4) and the 
POROS® Heparin 20 HE-1 chromatography active pool (lanes 5-8) 
5 in the four-step purif ication procedure • 

Fig. 6 shows the results of a primer elongation 
assay from a telomerase preparation from the Oligo 5 affinity 
isolation active pool (lanes 1-4) , the POROS® Heparin 20 HE-1 
chromatography active pool adjusted to the salt concentration 
10 used for affinity isolation (lanes 5-7), and the POROS® 

Heparin 20 HE-1 active pool (lanes 8 and 9) in the four-step 
purification procedure. 

Fig. 7 shows the results of a primer elongation 
assay from telomerase preparations from the POROS® Heparin 20 
15 HE-1 chromatography active pool (lanes 1-3) and the POROS® 

Spermidine chromatography active pool (lanes 4-6) in the five- 
step purification procedure, and from the Superose® 6 active 
pool (lanes 7-9) in the six-step assay. 

20 DESCRIPTION OF THE INVENTION 

This invention provides purified telomerase and 
methods of making it* 

As used herein, the term "telomerase" refers to a 
25 ribonucleoprotein enzyme of eukary otic origin idetitif iS&le by 
its ability to polymerize a DNA sequence of a eufcaryofcife 
telomere, Telomerase is further characterized by havinij an 
RNA component having sequences complementary to at least part 
of the telomeric repeat of the source species and having one 
30 or more protein components. As used herein, "human 

telomerase" refers to telomerases naturally found in human 
cells or having the same amino acid and nucleotide sequences , 
just as "mammalian telomerase" refers to the class of 
telomerases naturally found in mammalian cells or having the 
3 5 same amino acid and nucleotide sequences as the natural forms. 
Human telomerase contains the RNA component hTR. Telomerases 
include all allelic forms of telomerase, including wild-type 
and mutant forms. 
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This invention provides purified telomerase isolated 
from any cells expressing telomerase, for example, crude 
extracts of normal cells, cancer cells,, immortalized cells, 
human or animal tissues, tumors, or from cells expressing 
5 telomerase recombinant ly« 



As used herein, the term "purified telomerase" means 
10 telomerase preparations having at least 2000-fold increased 

relative purity. As used herein, a telomerase preparation has 
2000-fold increased relative purity if the specific activity 
of telomerase in the preparation is at least 2000 times 

greater than the specific lactivity of telomerase of crude 

I 

15 extracts of suspension-capable 293 cells, described herein 
below, and as measured by .the primer elongation assay 
described herein below in Example I. A. 

This invention also 
2 0 provides telomerase preparations having at least 3000-fold 
increased relative purity, at least 20,000-fold increased 
relative purity, 

at least 60,000-fold increased relative purity, at 
least 100,000-fold increased relative purity v* 

25 



Methods of purifying telomerase can involve 
determining the presence or amount of telomerase activity in a 
preparation. Several assays are available for this. As 
35 stated above, for the purpose of determining relative purity, 
the most preferred method of measuring the specific activity 
of telomerase is the primer elongation assay., This assay is 
described in Example I -A, below. Briefly, this assay measures 
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the amount of radioactive nucleotides incorporated into 
polynucleotides synthesized on a primer sequence. The amount 
incorporated is measured as a function of the intensity of a 
band on a phospho imager screen exposed to a gel on which the 
5 radioactive products are separated. A test experiment, and a 
control experiment can be compared by eye on phosphoimager 
screens. This assay is based on an assay described by Morin, 
G.B., Cell 59:521-529, 1989. 

Another assay for telomerase activity is the dot 

10 blot assay. The dot blot assay is useful for routine 

screening because it has high throughput and hundreds of 
assays can be carried out in a single day with a good portion 
of the labor performed automatically. Results are available 
by the afternoon of the second day. The dot blot assay is 

15 most effective for comparing activity of samples at roughly 
the same level of purity and less effective for samples at 
different stages of purity- Therefore, it is not a preferred 
assay for determining relative purity. A protocol for the dot 
blot assay is provided in Example I.B. 

2 0 Other assays involve detecting the presence of the 

RNA component of telomerase. The sequence of the KljA 
component of telomerase for several species is known. The 
sequence for the RNA component of human telomerase has been 
isolated and is referred to herein as hTR. 
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3 5 Reverse transcription PCR ( "RT-PCR" ) is a useful 

assay for determining the amount of telomerase RNA because it 
is very sensitive - A protocol for an RT-PCR assay is provided 
in Example IoC. Other methods for specific RNA detection can 
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be used, for instance, Northern Analysis . A protocol for a 
Northern Analysis is provided in Example i.d. The major 
limitation of using amy of the hTR assays to detect telomerase 
is that the presence of hTR does not mean that active 
5 telomerase is present* For example, normal somatic cells and 
some fractions from partially purified telomerase have 
significant quantities of hTR but no detectable telomerase 
activity. 

Another very sensitive assay for telomerase activity 
10 is the TRAP assav, described in International application 
PCT/US95/13381 

of which are incorporated herein by reference. 

This invention is directed, in part, to methods of 

15 making purified telomerase from an impure composition, i.e., a 
composition containing telomerase and other contaminating 
organic biomolecules. Beginning with an impure telomerase 
composition, the methods involve the following steps: 
purifying the telomerase with a matrix that binds molecules 

20 bearing a negative charge (preferably an anion exchange 

matrix) ; purifying the telomerase with a matrix that binds 
molecules bearing a positive charge (preferably a heparin- 
containing matrix) ; and purifying telomerase with an affinity 
agent (preferably an oligonucleotide complementary to the RNA 

25 component of telomerase labelled with biotin and isolated toifeh 
matrix-bound streptavidin or derivatives thereof) . See 
Fig. 1, 

Additional steps optionally can be included in the 
purification methods in order to produce telomerase 

3 0 preparations with higher relative purity. The telomerase can 
be further purified with an intermediate-selectivity r6sin 
(preferably a matrix containing spermidine) before affinity 
purification. See Fig* 2. The telomerase is further purified 
by methods that separate organic biomolecules according to 

3 5 molecular size, shape f or buoyant density (preferably gel 
filtration chromatography) before affinity chromatography. 
See Fig, 3. 



The specific purification steps used and their 
sequence is at the discretion of the practitioner. However, 
the following guidance is provided. In general, it is 
preferred to begin with steps having high capacity and 
relatively low selectivity, followed by steps having 
intermediate capacity and/ or selectivity, followed by steps 
having low capacity and high selectivity. Matrices binding 
molecules bearing positive or negative charges have high 
capacity and are useful as early steps because telomerase is 
present in low quantities in cells and purification methods 
typically will begin with large amounts of crude cell extract. 
Among these resins, purification with anion exchange resins 
are preferred first, followed by purification with resins that 

bind molecules bearing positive charges. The order can be 

♦ 

reversed. 

Purification steps having intermediate selectivity 
and capacity are preferred after high capacity steps. These 
include matrices of intermediate selectivity and separation 
based on molecular size, shape or buoyant density. While 
purification with intermediate selectivity resins is preferred 
first, the intermediate purification steps need not be limited 
to any particular order or number. In the four-step 
purification procedure described above, the intermediate steps 
are not included. 

Specific affinity matrices have relatively Idw 
capacity, but high selectivity, and are preferred later in the 
purification process when telomerase is present with fewer 
contaminating materials. This step can be a sole 
purif icastion step and is most useful when telomerase has at 
least 40-fold increased relative purity. 

Purification of telomerase begins with ah impiire 
source composition, such as a crude cell extract, preferably 
rich in telomerase activity. Single-celled organisms with no 
limits on the number of cell divisions, such as Tetrahymena or 
yeast f make telomerase and are good sources for cell extract 
in the preparation of telomerase from such organisms. 
However, in multicellular organisms, especially mammals, not 
all cells make telomerase. Therefore, sources of cell extract 
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have to be identified from the cell types available. In 
mammals, germ cells and tissue, cancer cells and tissue and 
immortalized cell lines are all sources of crude cell extract 
having telomerase activity. In rodents and possibly other 
non-primate mammals, some normal somatic tissues, e.g., mouse 
liver, are sources of crude cell extract having telomerase 
activity. 

Immortalized cell lines are a particularly useful 
source of crude cell extract because they can be cultured and 
harvested in large quantities, thereby providing cell extract 
for large-scale telomerase preparations. In particular, in 
the preparation of purified human telomerase, 293 cells are 
preferred. 293 cells are of human embryonic kidney origin 
that have been transformed with fragments of adenovirus type 5 
DNA (1977 Graham et al, J. Gen. Virol. 36:59-77). The cell 
line, which grows in monolayer cultures , was adapted to growth 
in suspension (1985 Stillman and Gluzman, Mol . and Cell Bio. 
5:2051-2060). They are available from the ATCG (Accession No. 
ATCC CRL 1573) „ 

The crude cell extract can be prepared in the 
typical manner. Generally, cells can be homogenised ait about 
4° C in buffers at physiological pH. A more detailed protocol 
is provided in Example II. 293 cells are grown as suspension 
cultures in 8 liter spinner bottles in Joklik's - 50318, 5* 
newborn calf serum, 2g/l NaHC0 3 , 1% non-essential |smihd Ml^, 
1% glutamine, 1% penicillin/ streptomycin at 37°. cuitufr^s 
are maintained at 0 o 6 x 10 6 cells/ml and double evifcy 24 
hours. One also may contract with a cell culture specialist 
to culture large batches of cells. Contractors include 
Analytical Biological Systems (Wilmington, DE) , Cellex 
(Minneapolis, MM) and Berlex (South San Francisco, C&) . 

Other cell types, particularly those that grow 
readily in suspension cultures (which facilitates large scale 
culturing) , also are useful for purifying human telomerase. 
Candidates include cell lines of B or T cell lineage, such as 
Namalwa (Burkitt B s lymphoma), Daudi (Burkitt's lymphoma), 
Jurkat (acute T cell leukemia) and HUT 78 (cutaneous T cell 
lymphoma) lines . Also, HeLa cells (cervical carcinoma) have 
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telomerase activity. Extracts from HeLa cells are available 
from Computer Cell Culture Center (Mons f Belgium). 

The crude cell extract from mammalian cells used in 
the methods of this invention can be whole cell extract, but 
should include cytoplasmic extract. Nuclear extracts from 293 
cells also have telomerase activity. For convenience, we have 
chosen cytoplasmic extracts as our source of human telomerase. 

The amount of crude cell extract needed to purify 
telomerase depends, in part, upon the abundance of telomerase 
in the cell, the amount of telomerase lost at each step, and 
the ultimate degree of purification and amount desired. 
Example III describes the use of 128 liters of 293 cell 
suspension culture in a procedure that purified telomerase 
more than 3000-fold. 

As purification advances, telomerase becomes both 
purer and more dilute. In this state, telomerase can be lost 
due to telomerase sticking to tubes, tubing, tips, etc. This 
loss can be minimized by the addition of determent. In 
particular, the addition of up to about 0.1% Honidet P-40 arid 
about 1% Tween®-20 (non-ionic detergents) does not inhibit 
telomerase activity, and can be added to all chromatography 
buffers. 

A preferred step in a method for purifying 
telomerase from a crude cell extract involves contacting the 
telomerase with a matrix that binds molecules baring negative 
charges, separating telomerase frbta dther org#iij& fc^iqlefeules 
that do not bind to the matrix and collecting the tMStoerase. 
Matrices binding molecules with a negative charge arfe useful 
in purifying telomerase because at pH between about 6 and 
about 9, the telomerase complex appears to have at ie^st local 
negative charges. In a preferred i^bdifoerit of: the iiiVeiitibri 
the matrix is an anion exchange resin packed in a column. 
Anion exchange resins bind negatively charged molecules. One 
benefit of using anion exchange at this crude stage of 
preparation is the high binding capacity of these resins. 

In isolating human telomerase, anion-exchange resins 
characterized by tertiary or quaternary amine functional 
groups provide the best results. POROS® 50 HQ (PerSeptive 
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Biosystems, Cambridge, Massachusetts) is the preferred anion 
exchange resin. Super Q-650M (TosoHaas, Mont gomeryvi lie, 
Pennsylvania) DEAE Sepharose® CL-6B (Pharmacia, Uppsala, 
Sweden) and Mono Q<8> (Pharmacia, Uppsala, Sweden) are also 
5 useful. In fluting fractions from the anion exchange resin, 
salt, step elution is preferred . Also, linear salt gradient 
elution may be used to elute telomerase preferably using 
gradient volumes of less than ten column volumes. 

A step preferre^ next in a method of purifying 
10 telomerase involves contacting the telomerase with a matrix 
that binds molecules bearing positive charges, separating 
telomerase from other orgainic biomolecules that do not bind to 
the column and collecting jthe telomerase. In a preferred 
embodiment the matrix comprises heparin. In particular, 
15 POROS® Heparin 20 HE-1 (pirSeptive Biosyktems, Cambridge, 
Massachusetts) is useful as a matrix at this stage . Other 
useful matrices that bind molecules bearing positive charges 
include SP Sepharose® CL-6B and Resource™ S (Pharmacia, 
Uppsala, Sweden) . 
20 After the purification with high capacity matrices, 

telomerase can be purified by proceeding directly to affjLnity 
matrix purif ication, or through one or more intermediate 
purification steps. 

In one intermediate purification step, the 
25 telomerase is contacted with hydroxy lapatit^e, teloiaferasfe is 

separated from other organic biomolecules that db hot bind to 
hydroxyl apatite and the telomerase is collected. 
Hydroxy lapatite is a crystalline form of calcium 
hydroxy lphosphate which has the ability to bind proteins 
according to their basic or acidic character . Ife§:.;"^sisv.of. 
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protein separation differs from that of simple ijM '''m$SSMl^ 



resins. Fractions may be eluted with buffers of different 

composition c 

A preferred intermediate purification step involves 
3 5 contacting the telomerase with an intermediate-selectivity 

matrix; separating telomerase from other organic biomolecules 
that do not bind to the intermediate-selectivity matrix and 
collecting the telomerase . This step can be the fourth step 



i t 

/3 



of the five- or six-step purification schemes outlined in 
Figures 2 and 3. The main purpose of this step is to further 
purify the telomerase preparation before contacting it with an 
affinity agent. The types of matrices included at this step 
5 r generally have lower binding capacities but can be more 

selective than ion exchange resins, thereby giving greater 
purification. They bind telomerase via interactions that are 
more complex than charge, alone, and are not as specific as, 
for example, antibodies. Binding characteristics can include, 

10 for example, combinations of electrostatic attraction, 

hydrophobic/hydrophilic attraction, affinity for particular 
components, such as nucleic acids or particular amino acids in 
the protein, affinity for chemical functional groups on 
molecules, and the variety of compounds known and used in 

15 protein purification for semi-specific separation of 

molecules. In particular, and without limitation, this 
invention contemplates the use of the following intermediate- 
selectivity matrices. 

Matrices comprising a polyamiiie, such as spermidine 

20 or spermine are preferred in this step. These molecules 
contain primary and secondary amines amidst hydrocarbon 
chains. Both charge and hydrophobic interactions may be 
involved in binding telomerase. 

Matrices comprising polynucleotides are useful in 

25 this step. In the case of human teloffiieralse, polygnaftylic acid 
retains telomerase activity 0 Without wishing to be bcjurid by 
theory, these matrices are believed to be useful because 
telomerase is an enzyme that synthesizes DNA and contains an 
RNA moiety „ Therefore, it is presumed to have domains which 

30 specifically bind polynucleotides. 

Matrices comprising divalent metal ions are also 
useful in this step. Metals can be chelated on solid supports 
through molecules such as iminodiacetic acid or nitrilo-tri- 
acetic acid. Nickel is the most preferred metal and copper 

3 5 and zinc are also useful in purifying human telomerase. 

Without wishing to be limited by theory, metals are assumed to 
interact selectively with specific amino acid residues in 
proteins. Histidine residues typically are involved in such 
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interactions. Depending on the immobilized metal, only those 
proteins with sufficient local densities of histidines will be 
retained by the column. Some interactions between metals and 
proteins can be so strong that the protein cannot be 
5 recovered. Thus, each metal must be tested empirically for 
its utility in purification of a given protein. The binding 
of telomerase, as well as the release of telomerase must be 
efficient. 

Matrices comprising positively charged proteinaceous 
10 substances also are useful in this step of the purification 
method. As used herein, proteinaceous substances include 
amino acids, poly-amino acids, peptides and proteins. Two 
positively charged materials, poly-L- lysine, and histone, 
selectivity retained human telomerase. 
15 Matrices comprising aminophenyl— boronic acid also 

retain human telomerase. While not wishing to be limited by 
theory, the affinity of proteins for boronic acid is 
complicated but essentially involves interaction between diol 
groups on proteins with the immobilized acid. 

2 0 In one embodiment of the invention, the telomerase 

is contacted sequentially with at least 2, at least 3 or at 
! least 4 intermediate-selectivity matrices. Since 

contaminating proteins are unlikely to behave like telomerase 
on matrices having different characteristics, the use of more 
25 than one matrix improves the level of puarMicata^n this 

step. Sequences producing higher yields can 
be determined empirically, and matrices haviiig liiift^ ^^city 
are preferred earlier in the sequence. Some coinbihatiSffis of 
two matrices in the series are not preferred due to th§ir 

3 0 similar modes of separation, for example, one dival^t i^tal 

column followed by another, spermine followed by speirmidihe , 
poly-L-lysine followed by histone. 

Another intermediate purification step in a method 
to purify telomerase involves separating the telomerase from 
3 5 other organic biomolecules according to molecular size, shape, 
or buoyant density and collecting the telomerase. This can be 
the fifth step in the six-step purification procedure outlined 
in Figure 3 . A preferred embodiment of this step involves 

! 





fractionating the telomerase preparation by gel filtration 
chromatography. Sizing gel matrices that separate proteins in 
the size range of 200 kD to 2000 kD are most useful in human 
telomerase purif ication. Preferred matrices are HW65 
(TosoHaas, Montgomeryville, Pennsylvania) and, in particular , 
Superose® 6 (Pharmacia, Uppsala, Sweden) . Another embodiment 
of this step involves gradient centrifugation of the 
telomerase in gradients of different compositions that yield 
separation of the molecules in the preparation. Preferred 
gradients are composed of Cs 2 S0 4 or of glycerol. Another 
embodiment of this step involves the use of gel 
electrophoresis, which separates molecules based on their 
charge, size and shape. The gel compositions may vary widely 
in this embodiment. A preferred gel is a native gel, composed 
of agarose f polyacrylamide, or both, that is run under 
physiological conditions of buffer strength and pH f which tend 
to preserve the native complex and activity of human 
telomerase. 



of telomerase, and compounds that inhibit telomerase. The 
preferred affinity agent is Oligo 5 f an oligonucleotide whose 
sequence is given in Table 2, "Peptide nucleic acids," 
polymers having an amide backbone and attached bases, are also 
useful as affinity agents. 
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In one embodiment of this step, an oligonucleotide 
complementary to a sequence of the RNA component of telomerase 
is attached to a retrievable label, e.g., biotin. The label 
can be on one or both ends* After contacting the telomerase 
with the labeled affinity agent, the affinity agent is 
contacted with a binding agent that binds to the retrievable 
label, e.g., streptavidin or derivative agent. Preferably, 
the binding agent is attached to a matrix. Then, molecules 
that have not bound to the retrievable affinity agent, and 
therefore are not bound to the binding agent, are separated or 
removed from the mixture. By releasing telomerase from the 
affinity agent, telomerase is purified ♦ 

The use of retrie^B le llabel^ is well known' in the 
art. The retrievable label and binding agent can be any sort 
of ligand and ligand partner. In a preferred embodiment, the 
retrievable label is biotin and the binding agent is 
ImmunoPure® NeutrAvidin (Pierce, Roekford, IL, catalog 
number 53157). in one embodiment, the retrievable label is an 
antigen and the binding agent is an antibody thpifc' bM^ts the 
antigen. 

A general experimental procedure for tee&fci*ftg nucleic 
acid affinity approaches is as follows: (i) biotin-labeled 
oligonucleotides are mixed under various conditions with 
partially purified telomerase; (ii) beads with attached 
NeutrAvidin are added to the mixture; (iii) bead© .axe 
separated from the mixture (telomerase that has stuck to the 
oligonucleotide has also stuck to the beads, so activity is 
depleted from the mixture) ; (iv) beads are washed to remove 
bound material (telomerase comes off the beads, ^^.^tivity 
isi recovered). ,-4 

Oligonucleotides complementary to a sequehcfe of the 
RNA component of human telomerase were tested for their 
ability as affinity agents . Oligonucleotides useful in the 
methods of the inventiqn are given in Table 1. Each of the 
antisense oligos was tested in parallel with a control non- 
specific oli go. Depletion refers to the retention of 
telomerase by the oligo; recovery refers to the subsequent 
release of telomerase from the oligo. Of the antisense 



sequences tested, Oligo 5 is the preferred oligonucleotide for 
an affinity purification. While not wishing to be bound by- 
theory, Oligo 5 is a strong non-processive primer, so it may 
not be acting as an antisense ligand; it may be acting as a 
5 primer ligand. Using Oligo 5 and eluting with varying salt 
concentrations, telomerase activity has been recovered in a 
set of fractions containing low levels of detectable protein 
(10 pg/ml), making this a highly enriched preparation of 
telomerase. The yield of telomerase activity was 29%. (See 
10 Example III) . 



Table 1: Oligonucleotides complementary (antisense) to human telomerase RNA 



15 



20 



Oligo 

anti-P 



P3 

Oligo 5 

Oligo 13 
Oligo 14 



Size (nt) 

31 



22 
30 



30 
30 



Description 

Direct antisense 
HTR, coders 
template 

Antisense hTR plus 
a primer terminus 
Antisense hTR 

Antisense hTR 
Antisense hTR 



Performance 

Good depletion, 
inhibits activity 

Good depletion, 
recovery of telomerase 
Good depletion, 
recovery of telomerase 
Some depletion 
Good depletion 
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Table 2: Oligonucleotide Sequences 

anti-P . 5 ' BIOTIN -JjGCC TAC GCC CTT CTC 

AGT TAG GGT TAG ACA - A - 3' BIOTIN 
[SEQ ID NO:l) 

P3 5' - BIOTIN 

CGC CCT TCT CAG. TTA GGG TTA G - 3 ' 
[SEQ ID NO: 2] : "~ r * 

Oligo 5 [SEQ ID NO: 3] : 

5' - BIOTIN GCC GAG TCC TGG GTG CAC GTC CCA TAG CTC- 3' 

Oligo 13 [SEQ ID NO: 4] : 

5' - BIOTIN GAA CGG GCC AGC AGC TGA CAT .TTT TTG TTT - 3 ' 

Oligo 14 [SEQ ID.NO:^]^ . . . 

5' - BIOTIN GCT CTA ' GAA TGA ACG GTG GAA- GGC GGC : AGG ^3' 
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In another embodiment of this step, the affinity- 
agent is an oligonucleotide having a primer sequence 
recognized by telomerase. The oligonucleotide is contacted 
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with the telomerase and dideoxy nucleotides under conditions 
for a primer elongation reaction. This results in chain 
termination of DNA synthesis by telomerase. Under these 
conditions, telomerase may lock on the chain terminated 
5 primer. The primer and the telomerase attached to it is 

isolated. The oligonucleotide preferably includes sequences 
that have been found to be efficient telomeric primers in the 
primer elongation assay. This includes the sequence 
synthesized by telomerase as well as non-telomeric sequence 

10 primers such as M2/TS. For example, human telomerase 

synthesizes telomeric DNA sequences [TTAGGG] n onto the 3' end 
of single-stranded DNA (and RNA) primers. Thus, an 
oligonucleotide for isolating human telomerase can have the 
sequence [ r f$A&^ synthesized by 

15 other telomerases are identified in, for example, E.H. 
Blackburn, (1991) TIBS 16 : 378-381 . 

The above embodiment was tested using biotinylated 
oligonucleotides as primers, which were subsequently retrieved 
with NeutrAvidin beads. Controls were non-primer oligos, such 

20 as [EGC^^47' r ' t'SEQ - ID iftO Y7 ffi Preferred oligonucleotides for 
affinity purification in this embodiment are M2/TS and 
[TTAGGG] 3 [SEQ ID NO: 6]. The sequence of useful 
oligonucleotides is given in Table 3. 
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Oli go Name 

[TTAGGG] 3 
[SEQ ID NO: 6] 
M2/TS 

Photo-SS- 
[ TTAGGG ] 3 
[SEQ ID NO: 6] 



Table 3: 
Size (nt) Description 

18 Telomeric primer 

18 Non-telomeric primer 

18 Cleavable telomeric 

primer 



Perforinance 

Good depletion, recovery 

of telomerase 

Good depletion, recovery 

of telomerase 

Slight depletion, some 

recovery 
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Oligonucleotide Sequences : 
M2/TS 



5 ' - BIOTIN - -AAT CCfa\TCG : AGG JAGA GTT 4 3 ' 
[SEQ ID NO: 8] 
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With the various primer oligos used, the efficiency 
of depletion correlated with the strength of the primer in a 
telomerase primer elongation, assay. The M2/TS primer showed 



the best ability to deplete and retain the activity. Some 
telomerase activity was eluted with DTT from a biotinyl-SS- 
[TTAGGG] 3 [SEQ ID NO: 6] primer depletion (the DTT breaks the 
disulfide linkage in the primer, releasing it from the beads) . 
5 The yield was only 1-5%, but the purity was likely high 

(protein concentration was below detection by standard protein 
assay) . 

In another embodiment of this step, the affinity 
agent is an antibody (or binding fragment of it, e.g., Fab 

10 fragments) that recognizes an epitope of telomerase. One 

source of antibodies that may recognize human telomerase are 
antibodies that recognize the telomerase of other organisms. 
Those antibodies may cross react with human telomerase due to 
homology. Primary sequences of the 80kD and 95kD protein 

15 subunits of Tetrahymena telomerase have been analyzed for 

regions of antigenicity and surface probability. From this 
analysis, two peptides for the 80kD and one for the 95kD have 
been designed. These peptides have the following sequences: 
GP 80A: 

20 £|Ftf^ - 80 kD protein 

GP 80B: 

GHISEPKERV .YKILGKKYPK TEEE [SEQ ID NO : 10] j - 80 kD protein 
GP 95A: 

^^^M^M^, RELLSLEREN IL [SEQ ID.N0:.11|] - 95 kD protein 
25 These peptides were used to raise antibodies. In choosing 

Tetrahymena protein sequences for this purpose, selecting for 
surface probability is very important because antibodies 
against external features of telomerase are most likely to 
iramunoprecipitate the thelomerase activity from other 
30 organisms. In another embodiment, antibodies are raised 
against fusion proteins bearing a portion of a telomerase 
polypeptide component and made in, e.g., an E. Coli expression 
system. In another embodiment, the antibodies are from humans 
afflicted with autoimmune disease. In another embodiment, 
35 antibodies are identified from among antibodies that recognize 
epitopes on enzymes that are functionally related to 
telomerase, e.g. DNA -replication enzymes and reverse 
transcriptases. In another embodiment, the antibodies are 
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raised against peptides from the sequence of human telomerase 
proteins. 

In another embodiment of this step, the affinity 
agent is an inhibitor of telomerase activity that b&nds to 
telomerase. Telomerase inhibitors and methods of assaying f or 
them are described in United Sfeates gjst^nE ^^^ip^^^^ ■ .:]:.- 
08/288,501, filed August 10, 1994, incorporated $g 
referehce. When attached to a retrievable label, tj^s^' ' 
compounds provide a ho§k by whieh to i^oi$*e$ i^ligi|i^E. : 

After the molecules that dp not bind t^o tehe ^fMite^ 
agent are removed, the bound telomerase is reie^fe# ISfj&itt it. 
When the affinity agent is an oligonueleoftide, e^fel^ifte^ 
ionic strength (e.g. , high (afeout 500 mtt Nmei) or W^r : .:^^k} 
salt) , exposure to high concentrations of nucleotides, and the 
use of cleavable oligos (disulfide oligos shown in Table 3) 
have been tried in efforts to release the bound enzyme. 
Washing an Oligp 5 column with salt solution? of ;h 
ionic strength relieves telio^rase. 

telomerase was boiled, and the reie^^td 
on a silver ^tmined SOS gel, . :ifee 
apparent ( less than 10) . While in Mis 
proteins were likely below the limit of detection, thi& r^^tkfe 
iiwii&a&e^ that veary few other 
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3 0 &£ftMPX,E L TOLQHISSl^aE AHBAY PEOTQGQIiS 

A* PRIMER ELONGATION ASSAY 
a) Assay 

The primer elongation assay described in this 
3 5 example is the standard for determining specific activity for 
the purposes of determining relative purity of a telomerase 
preparation. 



The 40 ill telomerase reaction should have a final 
concentration of: 

L IX Telomerase Buffer (see below) 

2, l mM Mgci 2 

3. 2 mM dATP, dTTP (each) '8 MM dATP 

4o 1 /iM or 0.25 ptg/reaction of oligo primer M2/TS 
5. 20 MCi/reaction of [a 32 P-dGTP (0»624 fiK dGTP, spec, 
activity 800 Ci/mmole; NEN) 

1- To start the reaction, combine 20 Ml of the 2X reaction 

mix with an equal volume (20 Ml) of enzyme extract . 

For RNase control, add 1 jutl of RNase A at 5 mg/ml to 

buffer mix just before adding extract. 

{Final concentration of RNase is 125 jug/ml} 
2* Incubate at 30°C for 90 min {total volume=40 Ml} • 
3o To stop reaction, add 50 /xl of TE stop solution (10 mM 

Tris pH 7.5 and 20 mM EDTA) containing 100 jug/ml of RNase 

A (Stock=10 mg/ml; 100X dilution) - Final concentration 

is 55 jLtg/ml}. 

4. Incubate at 37 °C for 15 min {total volume = 90/ul}. 

5. To eliminate proteins add 50 /il of 10 mM Tris pH 7.5, 
0.5% SDS, and 300 /xg/ml proteinase K. {Final 
concentration of PK is 107 Mg/^l, and 0.18% SDS; make up 
fresh each time} 

For 1 ml: 10 ill 1*0 M Tris 

25 Ml 20% SDS 
30 ixl PK (10 mg/ml) 
0.935 ml Depc water 

6. Incubate at 37°C for 15 min {total volume = 140 Ml}* 

7. Extract with an equal volume (140 /xl) of PCIA 
[phenol : chloroform :isoamyl alcohol (25:24:1)] 

8 a Precipitate DNA by adding 40 /il of 2.5 M NH 4 0AC {good for 
precipitating small oligos} containing 100 fig /ml of tRNA 
(10 mg/ml stock; 100 x dilution- 3 0 jig carrier/ tube) and 
2-3 volumes (500 ill) of cold absolute ethanol. 

9. Let sit -20°C for 30 min or overnight. 
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10. Spin in microcentrifuge for 15 min at room temperature. 

11. Discard supernatant and dry pellet in a speed-vac, or air 
dry overnight. 

Optional; rinse pellet with 50 ill of cold ethanol. 
5 12. Resuspend pellet in 3 fj,l of sequencing loading dye 
(99.9% formamide, 0.05% xylene cyanol, and 
0.05% bromphenol blue). 

13. Boil for one minute, and chill on ice. 

14. Load samples onto an 8% acrylamide/7 M urea sequencing 
10 gel and run at 1500 V (50 W) . {until BPB is about 2/3 to 

3/4 of the way down} 

15. Transfer gel onto Whatman filter paper and dry at 80°C 
for 35 minutes, and cool for 15 min before removing gel 
from dryer. 

15 16. Expose gel to phosphoimager screen (Molecular Dynamics) . 
Typical exposures are between 6 and 24 hours. 

b) Human Telomerase Assay Solutions 
1. 10X Telomerase Buffer 



20 


Component 

amt/10 ml 




f stock 1 


flOxl 


LAxj 


for 10 ml 




1. Tris.CL pH 7. 


5 


1 M 


500 mM 


50 mM 


5 ml 




2 - Spermidine • 


3HC1 


1 M 


10 mM 


1 mM 


100 (il 


25 


3. BME* 




14o3 M 


50 mM 


5 mM 


35 fil 




4. MgCl 2 




1 M 


10 mM 


1 mM 


1QQ pi 




5- K-OAc 




5 M 


500 mM 


50 mM 


1 ml 




6. EGTA 




0.5 M 


10 mM 


1 mM 


200 /il 
DBPC 3*565 


30 


Aiternat i ve ly , 


make 


( - ) BME , aliquot 


1 ml- Add 


3.5 ful m 


B to gltelOx 



before use- T 

35 2. Stop Solution 

Component: [stock] f final] amt/ 10 ml 



40 



1„ TriSoCl pH 7.5 1 M 10 mM 100 /xl 

2. EDTA 200 mM 20 mM 1 ml 



3. Cold dNTP 1 s 

Use e.g., Pharmacia (Uppsala, Sweden), 100 mM stocks. 

Combine 10 jbtl of dATP and 10 jwl of dTTP in one tube 
and store at -20°C or -70°C. 

Do no use the same tube more than 3x since dNTP's are 
unstable with repeated freeze/ thaws. If making ^ ^ dilation, 
use 10 tnM Tris.Cl pH 7.5 '(do no use water since the acidic pH 
will destroy the nucleotide) . 

4- Oligo Primer 

Prepare sequence on synthesizer or buy c^rito^rcial ly 
(e.g. , Operon) . 

Gel (10% acrylamiide/7M Urea) purify th£ crude dligo, 
and concentrate using a (j-18 column. Dry in a speed- 1 Vac, and 
resuspend pellet in 10 mM Tris.Cl pH 7,5, A 30% to 45% yield 
is usually obtained. About half of the oligo is lost during 
gel purification, and 5% to 30% is lost from the 4^u|it:- 
Preferably piarify 300 to 600 fig and'i^ 
40 /tl of bmf #ear . Determine the cc 
absorbance at 280 nm. Assume for ah Mi#b 
1 OD = 30 pg/ml. 




B- TELQMERASE ACTIVITY DOT BLOT ASSAY 
1. Combine components of Assay Mix: 



mm 



Vol 








4.0 


Ml 


10X HTB 




0.4 


Ml 


100 m dATP 




0.4 


Ml 


10 0 H diSTP 


i im 


0.4 


Ml 


100 mM dTTP 


1 mM 


1.0 


Ml 


0.25 jug/ml Oligo M2/TS 


1 /zM 



13 3 pi 



depc H 2 0 



AS 

20,0 jLfcl 

Add 20 /il of test extract, mix and incubate at 30 °C for 
90 min. 

Add 160 Ml of 0.5 M NaOH, 12.5 mM EDTA (Final Cone = 
0.4 M, 10 raM) , mix, and let sit at room temp for 5 min. 
Transfer samples to a Silent Monitor, Biodyne® B 
(0.45 MM) 96-well plate, then place plate on vacuum 
manifold to filter sample. 

Turn off vacuum and add 200 m1 0.4 M NaOH to wells, and 
apply vacuum until filter is quite dry. 

Peel off membrane filter, rinse in 2X SSC (to neutralize 
NaOH) , and place in 50 ml of prewarmed prehybridization 
mix (6X SSC, IX Denhardt's, 20 mM NaPhos pH 7.2, 0.4% 
SDS, depc H 2 0) for 1 hour at 65°C e 

Make riboprobe using Stratagene RNA transcription kit 
(Hindlll-digested pBLRep4 DNA template, T3 RNA 
polymerase). To stop the reaction, add 1 Ml RNase- 
free DNase and incubate at 37 °c for 15 iffin, PCIA extract 
(equal vol) , add 1/10 vol of 3 M NatOAc and 2.5 vol of 
ethanol to precipitate the RNA probe. Centrifuge 
10 minutes and dissolve RNA in 100 Ml TE in depc 
( diethylpyrocarbonate ) H 2 0 . 

Hybridize blot by adding 50 m! of p3?©be per filfeear and 
incubate overnight at 65^, 

Next day, heat wash so Italian (IX SEC, 0*1% SDS) tc* 65 °C 
and transfer filter to Wash solution* Rinse quicKly, 
transfer filter to fresh solution , discard wasih into 
radioactive waste and repeat. Wash four jc®f $ /tin^BS for 
15 minutes each at 65°C B 

Remove filter from wash solution and drain off excess 
liquid- Seal in bag and expose to PI screen for 1 hour* 
Scan screen and quant itate using grid. 

C. RT- PCR ASSAY 

a o RNA Preparation : 
RNA is extracted from column fractions 300 Ml/Faction „ 
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2. Prepare 1 ml 10% SDS, 100 mM EDTA solution freshly before 
use: 200 /xl stock 500 mM EDTA, 800 /xl stock 10% SDS up 
to 1 ml. 

3. In each reaction, add 30 /xl of above SDS, EDTA buffer and 
5 5 (il of stock Proteinase K (10 jug/j£l) to each reaction, 

so the final concentration is: 1% SDS, 10 mM EDTA, 50 /xg 
proteinase K. 

4. Incubate at 37°C for 10 min. 

5. Phenol : Chloroform extract twice (be careful not to take 
10 the white interphase material) . 

6- To the final supernatant, 30 /xl of 3 M sodium acetate is 
added, and the nucleic acids are precipitated by addition 
of 900 /xl 100% ethanol and incubation at -70°C or dry ice 
for 3 0 min. 

15 7. To spin down the precipitate, microcentrifuge at full 

speed for 15 minutes, draw out all liquid, and use 200 /xl 
85% ethanol to rinse the pellet, then use speedy-vac to 
dry the pellet. 
8* Resuspend the pellet in 30 /xl Depc watet* Tafce 1 /xl 

20 resuspension into 100 /xl Depc water, and read OD^&o nnr 

Use OD260 = 40 /xg/ml to calculate RWA concentr alt^n * 

b. First Strand cDNA Synthesis . 
1, Take 0.1 to 1 /xg RNA made form each telomerase fractions, 
and is mixed with 40 to 80 ng random hexamer, up to 10 /xl. 
25 Random hexamer, from e.g., Pharmacia pd(N)6, ta&tal 50 OD 

unit powder/vial. Use 90 OD unit/ml = 2. 97 mg/ml, which 
is 1 OD unit = 33 /xg.. 
2» Denature at 95°c for 10 min, chilled on ice, and spin down 
the vapor on the top of Eppendorf tube. 
30 3. Prepare the reaction mixture: 

1 Rx 13 Rx 

5x 1st stand sys. buffer (BRL) : 4 /xl 52 /xl 

0,1 M DTT (BRL): 2 fXl 26 /xl 

35 10 mM dNTP (BRL): 1/xl 13 /xl 

RNAguard® (Pharmacia): 1 /xl 13 /xl 

Depc H 2 0: 1 jixl 13 /xl 

TOTAL: 9 /xl 117 /xl 
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Add 9 jul/each reaction, and incubation at 42 °C water bath. 

4. After 1-2 min incubation, 1 /xl Superscript II RTase (BRL) 
is added to the mixture, and incubated for 60 min at 
42°C. 

5 . Stop the reaction by heating the taibe for 1Q jtin a& 
95-98 °C. Chill on ice, and spin down the vafror. 



PCR Aaqallf icfrtion of cDNA with 
Specific Primer Set 



1. PCR reaction buffer: 



1 Rx 



13 Rx 



primer 1: 


1 

♦ 


m 


13 


Ml 


primer 2 : 


i 


Ml 


13 


Ml 


2.5 mM dNTP : 


2.5 


Ml 


32. 


5 Ml 


5 nfp.1 Tag p&lymerase (BM) : 


0,4 




• 5:.. 




5 mg/ml T4 gene 32 protein 
(BM): 


0 .04 


' 




m #i. 


lOx TCR buffer (BM) : 


2 


Ml 


26 




10 MGi/jLtl a-32P d&PP 


0.5 


Ml 


• & 




Depc H 2 0: 


10.56 


Ml 


137. 


28 Ml 


TOTAL: 


IB 


Ml 


234 


Ml 




In 2 /xl i|irst strand dDMA, --m 
reaction .Bi^par. One drop of 
to eateh FOR iaatoe . 

Set up coMSKtfeion of PCR amplification for hl*R c#oii 
for 34 sel> 72°C f^r "^^fe 
A^ter PCR, 5 /il G^t^lF 



sequencing loading dye,Snd loaded on 6% native 
polyacrylamide gel (do not need to pre-run the gel) . Run 
at 250 volts for 90 min. Dry the gel and PI exposure. 
It will be clear that one can substitute known 
equivalents in the above protocols. 





D. TELQMERASE RNA DETECTION BY NORTHERN ANALYSIS 
1„ Gel parameters 



30 



• 9 

At 



20 cm long gel 

1 ram comb with 16 wells 

5% Acrylamide gel/ 7 M Urea in lx TBE 

Run the gel 0/N at 125 V for about 12 hr. (the BPB 
5 and XC will have run off the gel) . U2 will be near the 

bottom, and hTR will be about 1/4 of the way down into the 
gel. 

hTR runs at about 700 nt with respect to DNA markers 
when using a 5% gel. It appears as a doublet. 
10 RNA pellets (made from 50 to 100 /*1 of a telomerase 

fraction) are resuspended in 15 til of sequencing dye 
(deionized formamide with dye) , boiled for a few minutes and 
quick chilled before loading. 

15 Note: 

If a l mm thick 6% gel is used, and run overnight, 
hTR runs at about 1 kb. 

If a 0. 4 cm thick 5% gel is used, and run at 1000 V 
(3 5-40 W) , hTR runs at about 450 nt. hTR runs as a single 
20 band using this method, but if the fractions are not purified, 
the samples smear and the signal will be poor. 

2. EtBr Staining 

Stain the gel for 20-30 min in 0.5 jig/ml of EtBr in 
25 lx TBE to see the snRMP profile. 

3 . Electroblotting 

Genie Transfer apparatus. 
The transfer is done onto Hybond N+. 
Transfer; rT° in lx TBE for 0.7 hr, ^ji(|,..^^5 A. 



4. Fixing RNA onto Membrane 

UV-crosslink using a Stratagene crosslinker; 
autosetting (120 mj)„ 
3 5 Crosslink with the RNA on the membrane face up. 



5 „ Probe 
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Use either PCR (R3C and U3B primers) to make a 
radioactive 154 nt fragment, or I hexamer label the 154 nt hTR 
fragment using Klenow. Probe at 65 °C, and the final wash is 
in Oolx SSC. Perform blot using Church Protocol (below) 

5 

6. Phosphor-Imager Analysis 

Expose the blot for 5 hr on a phosphor- imaging plate 
(e.g., Fuji). The exposure time can be shortened when using 
concentrated extracts. F|lm exposure: 2-7 days, depending on 
10 the signal. 

CHURCH PROTOCOL 
Prehybridize in 50 to 100 ml of Church solution 
(500 mM Na 2 HP0 4 pH 7.2, ljm MEDTA, 1% BSA, and 7% SDS). 
15 Prehybridize a few hours at 65°C 

Probe with 0.1 /ig of 32 P-5» end labelled oligo 
(forward rxn) (specific activity of probe should be - 10 s - 
10 9 cpm//Ltg) . Probe overnight at 65 °C. 

Remove blot from bag at room temperature a^id rinse 

2 0 manually in 2x SSC (heated to hybridization T°) twice, far 1 

min per wash, 500 ml per wash. This is to quickly get ri£ of 
hot label which might non-specif ically stick to the membrane . 

Wash blot 5x, in 2x SSC (rT°) , 0.1% SDS, 5 minutes 
per wash, 500 ml per wash at rT°. 
25 Wash blot lx, in 0«lx - 2x SSC and 0.1% SDS at 

hybridizing temp. (500 ml) for 30 min. 

Place wet blot on filter paper, wrap with ;§aran or 
bag, and expose to film 0/N. 

3 0 Notes: 

1* If doing more than one blot, start riiising the 
second blot after the first blot is in the second 5 minute 

wash. 

2. Washes for 1 blot: 4 liter; 400 ml 20x SSC and 
35 3600 ml ddH 2 0. Remove 1 liter and add 15 ml 20% SDS to 

3 liter. (2x SSC=3 00 mM NaCl, therefore about half that of 
hybridizing salt concentration) 
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3. Church solution (100 ml) : 1 g BSA to 50 ml 1 M 
NaP0 4 pH 7.2, 15 ml H 2 0, dissolve, then add 0,2 il 0.5 M EDTA, 
and 35 ml 20% SDS. 



EXAMPLE XX. PROTOCOLS FOR CRUDE CELL EXTRACT FROgL 293 CELLS 

This preparation pref ers a minimum of 
either suspension or adherent cells. It can be scaled up for 
larger numbers of cells proportionally . Preparation of as 
much as 7.7 x 10 10 cells hats been te with exceMssatit activity 
but slightly higher background. Furthermore, the whole 
procedure should be performed at 4 °c and on iee* 

Grow cells to midlog phase. Adequate additional 
cells for counting should be provided: tfce calc^^%i^0n of 
buffer amounts is dependent on the number of cells rather than 
volume. 

Either CHAPS or CHAPSO detergent can be used. These 
show little differences in obtaining active extradts. 




Ao •. 
Wash Btiff&r 
Stock 

1 M HEPES pH 7.5 
1 M MgCl 2 
1 M KC1 
1 M &WE 
BEPfe Wp 



Lysis Buffmr (0„5% GHAPS/CHAPSO) 
Stock 

1 ja ; ^ris CI pH 7.5 
i M S%G1 2 
0.5 M EGTA 
OJ M PMSF 
BME 

10% Detergent 
100% Glycerol 
DEPC H 2 0 



Final 

ib W 

1 tsm^ 



1 

0.1 mM 
5 mM 
0.5% 
10% 



2 mT. 

20OX 

30X 

2:O0X 



10 mL 



26X 
10X 

3X 

500X 

l mli 

8 . 36 mL 



1 Ift£i 
150X 
1 mk 



mm . . ,&m'* 



100/iil 

50/il 

15 

2500fil 
5 mL 

41.785mL 



Ww'' f 

1MQ (Ml 
60 nl 
18 nl 
3000 /Ltl 
6000. Hi 
50. 14mL 
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B* Procedure 

1. For adherent cells, grow two sets of 15 cm plates and use 
one for counting. Once cell count has been determined, 
rinse the other set twice with 20 mL of cold PBS. Add 

5 10 mL PBS and scrape the cells into a 15 mL centrifuge 

tube. Continue to step 3. 

2. For suspension cultures, grow to a density not exceeding 
10 6 cells/mL (about 6-7 X 10 5 /mL is preferred) . After 

10 establishing cell count, pellet cells in 50 mL centrifuge 

tubes at 200g/4 °C/5min. Resuspend in cold PBS 
equivalent 4 to original volume. 

3 . Pellet the cells in a clinical centrifuge at 

15 200g/4°C/5min. Resuspend thoroughly in Wash Buffer at a 

concentration of 10 6 cells/ 100X and transfer to 
microcentrifuge tubes. Spin cells down at 13k rpm for 1 
minute. 

20 4. Remove Wash Buffer and resuspend pellet in detergent 

lysis buffer at a concentration of 10 6 cells/ IS. 5X a<nd 
transfer to appropriate ultrafuge tube (see below) . 
Leave on ice for 30 min. Paraf ilm top of tube if deemed 
necessary. 
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Volume Beckmann Centrifuge Tube Rotor 

<1 mL thick-walled micro polyallomer TLS 55 

1.2 mL thin-walled micro polyallomer ^ELS 55 

2-5 mL polyallomer Wff 4i 



5, Prepare the proper swinging bucket ultrafuge rotors and 
chill the appropriate ultracentrifuge to 4° C. For the 

SW41 rotor , set the XL-80 Ultra at 28.5k rpm for 
100,000 g. For the TLS 55 rotor, set the tabletop Ultra 
3 5 at 3 9k rpm. 



6. 



Spin the lysed cells for 3 0 minutes. 
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7. Collect the clear aqueous portion of the supernatant 
(this is the extract) • Aliquot the extract into 100X 
portions and freeze on dry ice. Store at -80° C. 

EXAMPLE IIIo FOUR STEP METHOD FOR PURIFYING ' TELOMERASE 

A method of making human telomfersse that is 3,550- 
fold purified compared to that in crude cell extracts is 
described* This method comprises four steps in succession: 

1) CHAPS detergent S-100 extract preparation from 293 cells; 

2) chromatography of the S-100 extract on POROS® 50 HQ matrix; 

3) chromatography of the POROS® 50 HQ active fractions on 
POROS® 20 Heparin HE-1 matrix; and 4) chromatography of the 
POROS® 20 Heparin HE-1 active fractions on Oligo 5 affinity 
matrix. Protocols for each step are provided. 

In the first step, 7.3 x 10 10 293 cells were - 
collected from 128 liters of suspension culture and CHAPS 
extracted as described in Example II to yield 883 ml of CHAPS 
S-100 extract. 

In the second step, this extract was subjected to 
chromatography oh a POROS® 50 HQ column, and fractions 
containing telomerase activity were combined for a total 
active pool of 72 ml. This step was performed as follows: 

POROS® 50 HQ resin [PerSeptive Biosystems, Cambridge, 
MA, catalog number 1-2559-05] was resuspended in an equal 
volume of buffer A [20 mM Hepes pH 7.-9, 2 WL MgCl*, ImM EGTA, 
10% glycerol, 0-1% Honidtet P-40, 1 nffli Di^hibthreltol j oA mM 
Phenylmethylsulfonylfluoride, l mM Behzatfidirie, ImM Sodium 
Metabisulf ite] equilibrated with 100 mM NaCl [buffer A/100 mM 
NaCl] and the slurry was packed by gravity in a XK 26/20 
chromatography column [Pharmacia, Uppsala, Sweden, cat^||g 
nuittber 18-1000-72] . 

The column was run on a GradiFrac® system [Pharmacia, 
Uppsala, Sweden, catalog number 13-2192-01] o The column was 
equilibrated with 3 column volumes of buffer A/ 100 mM NaCl, 
followed by a high salt wash with 3 column volumes of buffer 
A/2000 mM NaCl. Finally, the column was re-equilibrated with 
3 column volumes of buffer A/ 100 mM NaCl* Binding capacity of 
the column was determined by loading increasing amounts of 




53 



CHAPS extract until telomerase activity was detected in the 
flow through fractions. Capacity of POROS® 50 HQ was found to 
be in the range of 20 milligrams of CHAPS extract per 
milliliter of resin. 
5 1.6 grams of CHAPS extract was loaded on a 80 ml 

POROS® 50 HQ column at a flow rate of 20 ml/min. The column 
was then washed with 3 volumes of buffer A/ 100 mM NaCl. A 
first elution was performed by washing the column with a 3 
column volume medium salt step [buffer A/480 mM NaCl] . 

10 Telomerase activity was recovered by a high salt step 

[buffer A/ 1050 mM NaCl], Fractions from the high salt elution 
were dialyzed separately against buffer A overnight. 
Fractions were scanned for telomerase activity by primer 
elongation assay. Active fractions were pooled. This was 

15 repeated several times to process the entire 6.8 grams of 
CHAPS S-100 extract. 

To determine the relative specific activity of 
telomerase for the CHAPS S-100 extract and the POROS® 50 HQ 
active pool, protein concentrations for each were dfetie^iined 

20 (Coomassie Protein Assay Reagent, Pierce Product #23200, 

Rockf ord, IL) > and the preparations were compared pgg relative 
telomerase activity by the primer elongation assay described 
in Example I. (Fig. 4.) The dried gel was exposed to a 
phosphorimaging screen for 4-16 hr. The screen was sesniied 

25 and the gray scale adjusted in order to produce an that 
appeared linear with respect to the corretispondirig aste&y 
titration o That was usually between 5-25 at the lotffer end and 
1000-2000 at the upper end. 




Telomerase activity was measured in arbitrary units 
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Lanes 1 to 5 of Figure 4 show primer elongation 



products from telomerase activity in 1.25 fil to 20/xl of the 
CHAPS S-100 extract; lanes 6 to 10 show the same from a 
titration of the POROS® 50 HQ active pool. The quantity of 



telomerase products increases in proportion to the quantity of 

preparation assayed in lanes 3 to 5 and in lanes 6 to 10, 

providing a linear range for comparison between the two 

preparations. From the linear range for each preparation, it 

5 was estimated that 20 jul of the CHAPS S-100 extract (lane 5) 

generates the same quantity of telomerase primer elongation 

products as 2.5 Ml of the' POROS® 50 HQ active pool (lane 7). 

Hence, these volumes each: contain one arbitrary unit of 

telomerase activity. Thife arbitrary unit is only relevant for 

10 this particular comparison. 

Using the measurements of volume, protein 

concentration, and volumei per telomerase activity unit, simple 

calculations provide the jtotal units and total protein amount, 

from which the relative Specific activity of telomerase was 

j ♦ 
15 derived for the two preparations (Table 4) . The specific 

activity of the POROS® 5(j) HQ active pool (0.037 units//ig) is 

5.8 times greater than that of the CHAPS S-100 extract 

(0.0065 units / Mg ) * Therefore , the human t elonieif the 

POROS® 50 HQ active pool has 5.8-fbld increased is^^i^^.; 

20 purity compared to that in the CHAPS S-100 extract. Th^ total 
units of telomerase activity in the POROS® HQ .r-ac^iye pool 
(28,800 units) represents 65% of that in the CHAPS S-1QXD 
extract (44,150 units). Therefore, the POROS® HQ 
chromatography has a yield of 65% for telomerase activity. 

25 In the third step, 24 ml of a BQR©$® S& 

pool was subjected to chromatography on a POROS® 
HE-l column, and fractions containing telomerase ^t^vi^y were 




combined for a total active pool of 6 ml. Chromatography was 
carried out as follows. 

30 POROS® 20 HE-1, was obtained from. Pei-^§^t;i r ye 

[Cambridge, Mft, catalog ntMier l-522#^66] - llsftllt'bf 
resin, packing and equilibration of the column was performed 
in the exact same way as described for the previous resin, 
except that a XK 16/20 chromatography column [Pharmacia, 

35 Uppsala, Sweden, catalog number 18-8773-01] was used. Binding 
capacity was determined to be in the range of 15 mg/ml resin* 

146 o 4 milligrams of POROS® 50 HQ pooled material were 
loaded on a 25 ml POROS® Heparin HE-1 column at a flow rate of 



10 



2 0 
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15 ml/min. The column was then washed with 3 volumes of 
buffer A/ 100 mM NaCl. A first elution was performed by 
washing the column with a 3 column volume medium salt step 
[buffer A/ 3 47 mM NaCl] . Telomerase activity was recovered by 
a high salt step [buffer A/1430 mM NaCl] 0 Fractions from the 
high salt elution were dialyzed separately against buffer A 
overnight. Fractions were scanned for telomerase activity by 
primer elongation assay. Active fractions were pooled. 

The relative specific activity of telomerase for the 
POROS® 50 HQ active pool and the POROS® Heparin 20 HB-1 active 
pool was determined exactly as described above for the 
previous step. Titrations of the two preparations in the 
primer elongation assay are shown in Fig P 5; measured and 
calculated values are shown in Table 4. ^ These data indicate 
15 that the human telomerase in the POROS® Heparin 20 HE-1 active 
pool is 6.8-fold purified compared to that in the POROS® 50 HQ 
active pool. The cumulative purification after this third 
step is the product of all previous steps. Hence, the human 
telomerase in the POROS® Heparin 20 HE— 1 activ^ ? |^i 
6.8 x 5.8 = 39. 4 -fold increased relative purity: ^^aft€d to 
that in the CHAPS S-100 extract. The yield of ^^''p$W^' 
Heparin 20 HE-1 chromatography is 75% for telomerase activity, 
and the cumulative yield after this third step is 49%. 

In the fourth step, 0.14 ml of a PQS©S® f^aarin 20 
25 HE-1 active pool was subjected to qh^»#ecs|^pf - ^ ah 
affinity matrix using Oligo 5 as t^fe ;^t|Q^^^^^t;' ' 
Fractions from the affinity column th^fe e:©n& 
activity were combined for a total active pool of 6.4 ml* 
Affinity chromatography was performed as fpj.lf^^..- . 
3 ° UltraLink™ Immobilized Neu^Av^din -^^^^^m^, 

Rockford, IL, catalog number 53151]' were* pte^ti^^ft tti'tfi- kn 
equal volume of buffer A/ 100 mM NaCl supplemented frith 1 Ag/ml 
BSA, 0.2 mg/ml tRNA and 0,2 mg/ml salmon testes DNA for 1 hour 
at 4° Co The beads were then rinsed with 5 volumes of 
35 buffer A/100 mM NaCl., 

Oligo 5, an antisense DNA oligonucleotide [National 
Biosciences, Inc., Plymouth, MN] covering nucleotides 407-436 
of the human telomerase RKA was designed with the sequence 



• 3fo # 



5'-*G CCG AGT CCT GGG TGC ACG TCC CAT AGC TC-3 ' [where *G is 
biotinylated] [SEQ ID NO: 3]. Oligo 5 was resuspended at a 
concentration of 100 /xM for use in subsequent experiments. 

140 /il of pooled heparin material at a protein 
concentration of 9 mg/ml was supplemented with 1.6 mM Oligo 5, 
2mM dTTP, 0.1 ddATP, 2 mM dGTP, 50 mM Tris HC1 pH 7.5, 1 mM 
Spermidine, 5 mM p-mercaptoethanol , ImM MgCl 2 , 50mM 



Potassium Acetate, 1 mM EGTA 



and incubated at 30° C for 1 



10 hour. The reaction mixture Was added to 400 ill of pre-treated 
NeutrAvidin beads and mixed 4t 4° C for 1-4 hours (s). 

The slurry was then poured into a small disposable 
column and the flow- through Was drained off. The flow-through 

i 

was put back through the column up to three times . The column 

15 was then washed with at least 4 column volumes of buffer 

A/100 mM NaCl and eluted witji buffer A/500 mM NaCl . Fractions 
were tested for telomerase activity by primer elongation 
assay. , 
The relative specific activity of telomerase for 

20 these two preparations was determined exactly as described 

above for the previous steps with one exception. Telomerase 
'is released from the POROS® 50 HQ, the POROS® Heparin HE-1, 
and the oligo 5 affinity columns in purification steps 2, 3, 
and 4 by increasing the salt concentration in the wash buffer. 

25 Since salt concentrations over 100 mM inhibit telomerase 

activity (Fig. 6, compare lanes 7 and 9), the active pools 
from purification steps 2 and 3 were dialyzed to lower the 
salt concentration to that of the preparation loaded onto the 
column for those steps. In purification step 4 (oligo 5 

30 affinity) , the pool of active fractions was not desalted. To 
determine an accurate relative activity, the salt 
concentration of the preparation loaded onto the affinity 
column (POROS® Heparin 20 HE-1 active pool) was adjusted to be 
the same as the Oligo 5 affinity active pool. 

35 Titrations of the two preparations in the primer 

elongation assay are shown in Fig. 6; measured and calculated 
values are shown in Table 4. These data indicate that the 
human telomerase in the Oligo 5 active pool is 90- fold 
purified compared to that in the POROS® Heparin 20 HE-1 active 
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pool. The cumulative purification after this fourth step is 
90 x 6.8 x 5.8 = 3,550. Hence, the human telomerase made by 
this method has 3,550-fold increased relative purity compared 
to that in the CHAPS S-100 extract. The yield of the affinity 
5 chromatography step is 29% for telomerase activity; the 

cumulative yield of telomerase activity for this method is 
14%. 

EXAMPLE IV. FIVE STEP METHOD FOR PURIFYING TELOMERASE 

A method of making human telomerase that has 32,660- 
fold increased relative purity compared to that in crude cell 
extracts is described. This method comprises five steps in 
5 succession: 1) CHAPS detergent S-100 extract preparation from 
293 cells; 2) chromatography of the S-100 extract on POROS® 
50 HQ matrix; 3) chromatography of the POROS® 50 HQ active 
fractions on POROS® Heparin 20 HE-1 matrix; 4) chromatography 
of the POROS® Heparin 20 HE-1 active fractions on POROS® 

10 spermidine matrix; and 5) chromatography of the POROS® 

spermidine active fractions on oligonucleotide 5 a£f ihdfey 
matrix. Protocols are provided for preparation of the 
spermidine matrix and running of the spermidine column. 
Protocols for all other steps were provided in the 4-step 

15 method of Example III. 

In the 5-step method, the first tlpree steps aa?e> the 
same as in the 4-step method . Ift the ; s^0 9 - : 0)7 Wl of a 

POROS® Heparin 20 HE-1 active pool 4^0^$'%$ . 

chromatography on a freshly prepared: (i-eu-, ■ ^^i^ircially 

20 available) POROS® spermidine column, and fractions containing 
telomerase activity were combined for a total active pool of 
0.15 ml. Chromatography was perfoiemed as follows. 

POROS®-Spermidine was prepared in the following 

manner. Dried POROS® 20 EP (Perseptive i-6129-03) was placed 

\ — 

25 in coupling buffer (0.1 M sodium phosphate adjusted to 

pH 10.0 with KOH) to allow beads to hydrate. The hydrated 
beads were transferred to a disposable column and rinsed with 
coupling buffer for 20 bed volume. Two bed volumes of a 0*2 M 
spermidine tetrahydrochloride (Sigma) -0.1 M sodium phosphate 

3 0 were added.. The solution of spermidine-coupling buffer was 



3* 

re-adjusted to pH 10. (20 ml of 0.1 M sodium phosphate-0. 22 M 
Spermidine + 1.5 ml of 1 N NaOH = 0.2 M spermidine- 0. 1 M 
sodium phosphate pH 10.0) . The beads were rotated with the 
spermidine solution overnight at room temperature. The 
5 spermidine solution was washed off with 20 bed volume of 

coupling buffer. The remaining reactive groups of the POROS® 
20 EP beads were quenched with 2 bed volume of 0.1 M 
ethanolamine made up in coupling buffer. The mixture was 
rotated for 2 hours at room temperatur e . The mixture was 

10 washed with 20 bed volumes of coupling buffer. The mixture 
was washed with 10 bed volume of buffer A/100 mM NaCl and 
packed into columns for chromatography. 

The POROS®-Spermidine column was equilibrated at 4° C 
with 10 column volume (CV) of buffer A/ 100 mM NaCl prior to 

15 the application of the sample. The sample POROS® Heparin 

20 HE-1 active pool was dialyzed in buffer A to or below 100 
mM NaCl) is applied to the column and chroma tographed at a 
flow rate of 0.6 CV per minute. The column was washed at 

the same flow rate with 5 CV of buffer A/ 100 mM ^eri* 

20 proteins were eluted at the same flow rate with the following 
steps : 

-3 CV of buffer A 100 mM KC1-90 mM NaCl 
-3 CV of buffer A 150 mM KC1-85 mM NaCl 
25 -3 CV of buffer A 200 mM KCl-80 mM NaCl 

-3 CV of buffer A 1000 mM KC1 

Proteins were eluted at each step, telomerase being 
essentially eluted from the POROS® -Spermidine Gplj^mn with 

3 0 buffer A/ 150 mM KC1-85 mM NaCl. The relati^ i^^cific 
activity of telomerase for these two prepar£ltidriS #£s 
determined. Titrations of the two preparations in the primer 
elongation assay are shown in Fig. 7; measured and calculated 
values are shown in Table 5. These data indicate that the 

35 human telomerase in the POROS® spermidine active pool is 9.2- 
fold purified compared to that in the POROS® Heparin 20 HE-1 
active pool.. The cumulative purification after this fourth 
step is 9.2 x 6*8 x 5.8 = 363-fold purified compared to the 



3? 



10 



CHAPS S-100 extract. The yield of the POROS® spermidine 
chromatography is 30% for telomerase activity, and the 
cumulative yield after these four steps is 14.6%. 

Oligo 5 affinity chromatography of POROS® spermidine 
active fractions purifies human telomerase by a factor of 90 
with 29% yield (as it did with POROS® Heparin 20 active 
fractions) • Thus, this 5-step method would produce humatn 
telomerase that has 90 x 363 = 32,660-fold increased relative 
purity compared to that in CHAPS S-100 extracts. The yi^ld of 
this 5-step method is 4.2% 
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EXAMPLE Vo SIX STEP METHOD FOR PURIFYING 

A method of making human telomerase that is 65,320- 
fold purified compared to that in crude cell extracts is 
described. This method comprises six steps in succession: 1) 
CHAPS detergent S-100 extract preparation from 293 cells; 2) 
chromatography of the S-100 extract on POR0S® 50 H§J i^terix;.. 3) 
chromatography of the POROS® 50 HQ active fratetio#$ 




Heparin 20 HE-1 matrix; 4) ehromato^a|ihy of the Pi 
Heparin 2 0 HE-1 active fractions on P0ROS® spermidine ftstt^ix; 
5) chromatography of the POR0E® S^e^id^fflife . ^li^e ■ftSBli^vto 
Superose® 6 sizing column; and 6) chromatography of the 
Superose® 6 sizing column active fractions on Oligo 5 affinity 
matrix. A protocol for running the Stip£r¥Se®- S a^^^ci |S 
provided. Protocols for all cyffifer St^^ . 

previously, . . M^^^^U^':- 

In the 6-step method, the first four it^S^^^iie 
same as in the 5-step method. In the fifth step, Q^^^^h of 
material from the POROS® spermidine |^|i^e pool cpl3^^^| iife, 
Example IV was subjected to> chroia^ 
sizing column , and the fractions 
activity were combined for a total active pool of 0.16 ml. 
Superose® 6 chromatography was performed as follows. 

The 2.4 ml Superose® 6, PC 3,2/30 column from 
Pharmacia is pre-equilibrated with 2 CV of buffer A/ 150 mM 
NaCl at a flrw rate of 40 jul/min. For each superose 6 run, 20 
^1 of active POROS® spermidine fraction is loaded on the 
column which is run at a flow rate of 20 /il/min in 




on a 
telomerase 



4* 



buffer A/ 150 mM NaCl. The bulk of 0D 280 absorbing protein 
elutes from the column between 1.00 ml and 1.4 ml. The peak 
of telomerase activity is eluted between 1.4 and L6 il, on 
the trailing end of the peak of proteins. 
5 The relative specific activity of telomerase for 

these two preparations was determined* Titrations Wm two 
preparations in the primer elongation assay are shown in Fig. 
7; measured and calculated values are shown in Table 5. These 
data indicate that the human telomerase in the Superose® 6 

10 active pool is 2 -fold increased purified compared to that in 
the POROS® spermidine active pool. The cumulative 
purification after this fifth step is 2 x 9*2 x6.8 x 5.8 « 
725.7-fold relative purity compared to the CHAPS S-1Q0 
extract. The yield of the Superose® 6 chromatography is 20% 

15 for telomerase activity, and the cumulative yield after these 
five steps is 2.9%. 

Oligo 5 affinity chromatography of Superose® 6 active 
fractions may purify human telomerase to the sSao# €xt£nt as 
for POROS® Heparin 20 HE-1 active fradtion^. • 

20 step method would produce human telomerase that is 90 x 725.7 
= 65,320-fold purified compared to thjat in CHAPS -^r^^^.- 
extracts- The yield of this 6-step method is 0.85 %. 

The present invention provides substantially novel 
means and methods for preparing purified teliome^^e . While 

25 examples have been provided, the abisftm 

illustrative and" not restrictive. j%ny l^^lK,|l : iie 



invention will become apparent to thoke • j0ij$js0t& $^1j$t4& in the 
art upon review of this specification* TfSi sedpfe "^Sfe 
invention should, therefore, be determined not ^^^j^^^nce 
30 to the above description, but instead should b^i^^^^^^i;: 
with reference to the appended claims alofig witK 
scope of equivalents. 
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